DC-DC boost power converters play an important role in solar power systems; they step up the input voltage of a solar array for a given set of conditions. This paper presents an overview of the variance boost converter topologies. Each boost converter is evaluated on its capability to operate efficient, size, and cost of implementation. Conventional boost converter and interleaved boost converter are widely used topologies in photovoltaic systems reported; however, they have negative sides of varied efficiency level under changed weather conditions. Therefore, this paper proposes, interleaved boost converter with novel switch adaptive control, to maximise efficiency of standalone photovoltaic system under change of solar power levels, due to illadation condition.
Introduction
Over the last twenty years, the issue of energy supply has been widely discussed due to the shortage in oil and gas, increasing fuel prices, and rapid increase in energy demand due to continued growth in global population and industrialisation [1] . Solar power technology is a renewable source of energy and has several advantages such as; no fuel cost, a little maintenance requirement, and friendly on the environment [2] . Standalone photovoltaic systems are very popular in water pumping and lighting solutions in developed countries, isolated villages, and small urban and rural communities. The PV systems also became a choice method of profits for generating electricity, especially in developed regions that Journal of Power and Energy Engineering have a substantial amount of solar irradiation [3] .
For photovoltaic applications, boost converter performs better than buck and buck-boost converters [2] . And the requirements of PV systems should operate with high efficiency level, small size, with low cost. Therefore, this paper studies boost converters for stand-alone photovoltaic systems, with the goal of bringing best performance over a wide range of operation conditions.
The amount of power generated from solar panel, significantly depends on temperature and irradiation where irradiation levels have a dramatic effect on the maximum power of the solar panel [4] . With varied weather conditions, the PV system should continuously operate, with great efficiency level near/at the maximum power point (MPP) of the solar panel. Several Maximum Power Point Tracking (MPPT) methods have been studied, and improved with consideration to their techniques of optimization [5] [6] [7] . Though, the maximum power point tracking cannot solve power converter efficiency when it falls in various terms of power generations. Thus, with an objective to have maximum power to varied load, the efficiency level of power converter must also be upgraded.
The paper provides an overview of the most common dc-dc boost converters.
From this, it is found that the conventional boost converter and the interleaved boost converter have advantages and disadvantages in a long term of operation under varied PV power due to change of weather condition. Therefore, anointer leaved boost converter with novel switch adaptive control are proposed to combine advantages of conventional boost converter and interleaved boost converter, to operate efficiently under varied solar power levels. Mainly, the topology design with its controller is affordable and simple. For this reason, this paper presents a simulation study comparing the relative efficiency performance of the low-cost selected converters with respect to the standalone PV system under a wide range of irradiation conditions.
Boost Converters
The survey is to study technical viability of dc-dc boost converter which is able to generate a low dc voltage level to a high dc voltage level that required by a load. The used converter is usually evaluated according to economic point, power distortion through the PV system, and the efficiency conversion under wide range of PV power as follow review.
Conventional Boost Converter
The conventional boost converter which could be used in many power electronic applications, for example in regulated DC power supplies, and in photovoltaic systems. The value to stepping up a low DC input voltage to higher DC output voltage of desired load. The converter has two mode of current operations, discontinuous current mode (DCM) and continuous current mode (CCM). In power applications, the conventional boost converter is able to operate in any S. E. Babaa et al. Journal of Power and Energy Engineering mode of current operation under changed power levels, and with each mode has variance characteristics.
The principle operation of the DC-DC conventional boost converter shown in Figure 1 . When the switch is on, the diode becomes reverse biased, thus, isolating the load stage. The input source stores energy in the inductor. Once the power switch is off, the load stage gets energy from the inductor as well as from the source, therefore the load voltage is greater than the source voltage. Conventional boost converter has a simple circuit and low cost [8] . The disadvantages of conventional boost converter are high ripple current on active and passive components, large voltage stress for power switches, and require a large capacitor value to keep the output voltage steady [9] . This difficulty can be solved by using interleaved boost converter which is another power boost converter circuit [10] .
Interleaved Boost Converter
The circuit design of interleaved boost converter as shown in Figure 2 , is used to improve the power processing capability and to operate the solar systems with its maximum power [11] .
Interleaved step-up converter topology works with binary branches operating 180 degree out of phase from each other. Generally, each phase operates in the same fashion as the conventional boost converter previously described. When switch two turns on, the current ramps up in inductor two, with a slope depending on the source voltage that stores energy in inductor two, the diode two is off during this time since the output voltage is higher than the input voltage. 
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capacitor and the load, and current of inductor two ramps down with a slope dependent on the difference between the source and load voltage. One half of a switching period later, switch one also will turn on to complete the same cycle of events.
The advantage of the interleaved boost converter gives low ripple power at the output and input stages due to an effective increase in switching frequency, hence the interleaved has chance to minimize output and input capacitor filters which will be relatively large if conventional boost converter is used [11] . Additionally, greater efficiency level achieved by forcing the input current to move and shared in the two limbs, substantially decreasing (I 2 R) power losses. Moreover, the converter gives low stresses on the passive and active components due to current split which rise power process capability [12] [13] [14] [15] . On the other side, using the interleaved boost converter, rises the number of to pologyelements which may lead to more cost. Though, the use of additional components in interleaved converter can be with lower rated power due to the shared current in its two limbs, and in photovoltaic power systems, long term improve the power generation proficiencies and could help to offset this disadvantage.
New Interleaved Isolated Boost Converter
This converter is presented by Jun Wen [16] , it is developed from the basic structure of isolated boost converter, and it is main feature is suitable to power applications that require to step-up high voltage. It is modified by two cells helping each other in secondary side and in primary side, which is simpler than parallel connection to the output side of two basic dual isolated boost converters.
In practical to convert DC voltage from a lower level to a higher level, require isolated boost converter to give high current at the source and high voltage at the load. If two cells are connected in parallel in isolated boost converter at the input stage and in series at the output stage, this structure will reduce the current stress and voltage stress on active devices and the transformer rate of the converter could be reduced to the half [16] .
New interleaved isolated boost converter publicized in Figure 3 , with double inductors connected in parallel at the input stage to share the input current equally, and at the output two capacitors in series sharing the voltage equally.
thus, the new interleaved isolated boost converter offers less stress of voltage and current at power switches and transformer [17] . Altogether these advantages make the new interleaved isolated boost converter suitable for low to high converter applications [16] .
Interleaved Boost Converter Based on the L-Type Half Bridge
The converter is shown in Figure 4 , discussed by J. Wen, Taotao Jin, and Keyue
Smedley [16] . The Interleaved boost converter based on the L-type half bridge converter is one of the ideal option to use for high power applications because it has several advantages such as low current stress on transformer and inductors S. E. Babaa et al. hence small size can be designed, and switches are simple to drive since they are grounded. Moreover, circuit configuration is symmetrical so soft switching is easy to be implemented [16] [17] . On other side, the converter has more inductors than other boost converters.
Push Pull Converter
The topology of push-pull converter is introduced by Yao Wang [18] to face the requirements of PV systems, as shown in Figure 5 and Figure 6 , the first circuit is fed by voltage mode and the second by current mode. The advantages and disadvantages are summarised below for both circuits, the advantage in both modes of push-pull converter, it is clear has fewer elements in current path which reduces conduction losses [19] . In the input inductor, in current mode operation the switches in duty ratio more than 50 percent (D > 50%), this will reduce the frequency current ripple drawn from solar arrays. The auxiliary Journal of Power and Energy Engineering circuit is preferred for push pull converter to reduce the voltage stress on the power switches [20] , and the energy stored in a leakage inductance of the transformer can be safely removed. The disadvantage of push pull converter is challenging a problem that the switches have to withstand double the input voltage peak, this causes increase in conduction power losses [18] .
Full and Half Bridge Converter
The half-bridge and full-bridge topologies shown in Figure 7 and Figure 8 The Full bridge is well suited for application which requires a wide input voltage range [21] , and for high power applications [21] , also can be operated in zero voltage switching modes (ZVS) that leads to reduction in switches loss with high frequency value. Furthermore, zero voltage switching can be crucial to reduce size and cost. Also, the operation of high frequency gives small size and cost for magnetic components [18] . Although the full-bridge topology requires more switches, it reduces voltage and current stress [18] . Full wave rectifier topology with a centred tapped secondary winding and two diodes are used to maximize the efficiency [22] , smaller size and lower cost devices, and to make sure lowest voltage drop across the diodes. Though, the voltage blocking ability of the diodes is double higher than for a diode bridge rectifier.
Novel High Efficiency Step up Converter
Novel high step up converter has been proposed by K. Tseng and T. Liang [23] [24] to give high efficiency with less voltage stress on power switches, diodes, and capacitors. The scheme of this converter comprises of voltage boost cell and Journal of Power and Energy Engineering an energy clamp circuit. The utility of the converter is an active clamp circuit to limit the voltage spike on power switch during turn off transient period [23] [24]. In order to increase the output voltage, the fly back converter output terminal and boost converter output terminal are serially connected with coupled inductor as shown in Figure 9 .
Advantages of the offered converter, it has simple control technique of current mode PWM for duty cycle lower 50 percent and the leakage energy is recycled to the output. Moreover, voltage stress is reduced on switching element, and high efficiency are achieved by the low Rds (on) voltage. in addition, lower rating of the power switching device is achieved, also this converter is able to achieve high step up ratio [23] . Although, ripple of current is still high comparing to conventional interleaved boost converter.
Discussion
Several DC-DC boost converters have been reviewed in this paper, and these types of boost converters have the capabilities to step up the voltage from a low level to a high level in photovoltaic systems. The choice of top suitable boost converter to be used in a PV system, is difficult to be ascertained due to the fact that each boost converter has advantages and disadvantages and the choice is highly application dependent.
For example, it is obvious that to design some boost converters needs more components that will increase the cost. However, almost all DC-DC boost converters offer a low stress current and a low stress voltage on the power semiconductor switches of each topology. In addition, the difference in requirements of photovoltaic applications be contingent on (location-voltage-type of system), and also, it is important to consider both the consumer requirements and manufacturer specifications. In general, after evaluation to some various step-up converters, conventional boost converter and interleaved boost converter are ideal for the use in standalone PV systems because they are relatively easy to be 
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implemented, simple control scheme, and compared to other topologies reviewed is still less in cost.
The advantages of the interleaved boost converter technique include low ripple amplitude and high frequency ripple power at the output and input waveforms due to an effective increase in switching frequency. So, there is a chance to minimalize the size of capacitors and inductors, whereas would be relatively large if conventional boost converter technology is used. Moreover, for alike power rating, the current flowing in each limb of the interleaved converter is lesser than a conventional boost converter, hence reducing overall (i 2 r) losses.
Inappropriately, with low power conditions, interleaved boost converter operates in discontinuous current mode due to the current-split in the separated limbs. The consequences is obvious in photovoltaic applications once the interleaved boost converter is operated with low power level, will show low efficiency due the switching losses domination. In this case the presented conventional boost converter which has one branch to the current with fewer switches offers better efficiency.
For this reason, this paper proposed an interleaved boost converter with a new simple switch adaptive control scheme which is planned as shown in Figure 10 .
The aim is to increase the interleaved boost converter efficiency under low power level. The principle of the operation is to operate normally as an interleaved boost converter following the switch adaptive control procedures command. If there is a low irradiation (low power), one limb of the interleaved boost converter will bed is connected and all the available current will move in one phase of the interleaved boost converter (one switch, one diode, and one inductor). Ultimately, the interleaved boost converter will operating as normal in high power levels, and with lower power levels (low current), the interleaved boost converter will be controlled by novel switch adaptive control to operate as conventional boost converter.
The structure of the novel adaptive switch control is shown in Figure 11 , has add good features to support the interleaved boost converter to function with high efficiency in location where the irradiance is changeable during the day. In addition, the proposed control is a simple in implementation with no extra cost [8] . Figure 11 . Control strategy of interleaved boost converter with novel switch adaptive control.
The major concern in the design of power boost converter is the number of components required, that will effect on size, cost of implementation, and efficiency. This paper has presented a comparison to nine different discussed boost converters as shown in Table 1 , in relation to their cost of implementation and efficiency performance, taking to consideration the cost of sensors and microcontroller complexity. The table indicates that interleaved boost converter with novel switch adaptive control is in general the most efficient and relative cost is moderate compared to all analysed boost converters.
Simulation Results
To validate the theoretical analysis of the paper, stand-alone PV system is used with the selected (low-priced) boost converters. First, the perturbation and observation (P&O) method of maximum power point tracking (MPPT) control is used to secure maximum power generated from the solar panel. Further, to confirm the results, similar components are used in design of the chosen step-up converters as shown in Table 2 . The system is modelled by Matlab/Semi-Power system to assess the selected boost converters in the stand-alone PV system as shown in Figure 12 . Investigations are done with changeable solar power level using PV panel (HIP-210NH1-BO-1) in Table 3 , by varying the irradiation conditions.
The designed adaptive switch control in Figure 11 , measures the voltage and current of solar panel to monitor the power and follows a simple techniques of computation to operate the boost converter as conventional boost converter (connected-switch OFF) at low solar power when the power level is less than 80W, and as an interleaved boost converter (connected-switch ON) at high solar power when the power level is above 80 W.
The selected DC-DC boost converters are tested with load 200 Ohm and a PV Journal of Power and Energy Engineering panel of rated maximum 210W under increase in irradiation as shown in Figure   13 (a) and Figure 13 (b). In Figure 13(c) , the conventional boost converter shows a decrease in efficiency when the photovoltaic power reaches almost 80
Watts, while the interleaved boost converter starts showing an improvement to efficiency when the power of the system rise. Figure 13(d) , indicates that the The results of simulation also reveal that the structure of interleaved boost converter with novel switch adaptive control exhibits a low ripple current and a low ripple voltage at the output and input stages, and a low stress on components. In addition, proposed circuit shows capabilities to operate in continuous current mode with varied weather conditions.
Conclusion
The paper presents an overview of boost converters, and considers their efficiency in photovoltaic applications that operate under a wide range of changeable weather conditions. From this, it is clear that each boost converter circuit has its own disadvantages and advantages, and the choice is decidedly application dependent. When using PV systems in destitute residential locations, the objective is to have low cost of PV systems that offer high efficiency under all operation conditions. To do so, it is necessary to combine the advantages of interleaved boost converter circuit and conventional boost converter circuit.
Importantly, the proposed topology with its control scheme extends the range whereby the circuit operates in continuous conduction mode with very low irradiance conditions. The simulation results have confirmed that the circuit of interleaved boost converter with novel switch adaptive control has good features of low ripple of the current and voltage at the output and input stages, low stress on devices. It promises to operate in continuous current mode over a wider range of operating conditions, and offers optimised high efficiency under all weather conditions. In general, the circuit is a good choice for all PV systems that requires high efficiency operation in unpredictable weather conditions.
